Mutant strains of Fusarium sporotrichioides NRRL 3299 deficient in the ability to synthesize T-2 toxin were examined on solid rice medium. Five novel alicyclic trichothecenes were isolated: llo-hydroxytrichodiene; tricho-9-ene-2o,3a,1 cx-triol; tricho-9-ene-2ci,3s,8s,1 la-tetraol; tricho-9-ene-2s,3a,8II,1lot-tetraol; and tricho-9-ene-2ot,3ai, 1 lot, 16-tetraol. Trichothecenes are sesquiterpene metabolites possessing an olefinic bond and an epoxide group and are produced by several genera of fungi, including Fuisai-imn. Much of the interest in the compounds stems from their likely involvement in a number of mycotoxicoses of humans and domestic animals. The biochemical basis of the toxicity of the trichothecenes is their inhibition of protein biosynthesis (21). Biosynthetically, trichothecenes are derived from the alicyclic hydrocarbon trichodiene, which is a cyclization product of farnesyl PPi. Studies with 18O-labeled water and molecular oxygen have revealed that the conversion of trichodiene to T-2 toxin (compound 5; see Fig. 2 ), the major trichothecene product in Fiusariuii,n sporotriclijoides, involves the addition and retention of six oxygens derived from molecular oxygen; the carbonyl oxygens are derived from water (10). Oxygenated intermediates in the T-2 toxin biosynthetic pathway are essentially unknown. Trichodiol (tricho-10-ene-2ot,9ot-diol; compound 15; see Fig. 2 ) was identified by labeling experiments as an oxygenated intermediate in the biosynthesis of trichothecin, the major trichothecene product in Trichotiheciumn Ioseiumi (16), and it has been included in general trichothecene biosynthetic schemes (5). Two possible precursors of T-2 toxin, trichodiol (compound 15) and the related compound trichotriol (tricho-10-ene-2c.,3(x,9cx-triol: compound 16; see Fig. 2 ), have been isolated from a T-2 toxin-producing strain of F. sporotrichioides (6) . but their role in the biosynthesis of T-2 toxin has not been determined.
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Blocked mutant strains of toxigenic fungi can be useful tools in biosynthetic studies of mycotoxins. For instance, a series of nonaflatoxigenic colored mutant strains of Aspergillins par-asiticius produced by UV irradiation accumulate anthraquinones that were subsequently identified as precursors of aflatoxin (2, 14) . Mutant strains of a T-2 toxinproducing strain of F. sporotrichioides have been produced by UV irradiation and selected by means of a monoclonal antibody screen for T-2 toxin (3). Three of these strains were characterized by their trichothecene profile in liquid culture at 8 days: MB1716 produces 4,15-diacetoxyscirpenol (compound 6; see Fig. 2 Solid media such as rice or corn grits have been used regularly to produce large quantities of fungal metabolites (4, 6-9. 15) . In this study, we grew the F. sporotrichioildes mutant strains on rice and were able to detect a number of trichothecenes in addition to those found in liquid culture (Table 1) . We report here the isolation and chemical characterization of five of these metabolites, all new natural products.
MATERIALS AND METHODS
Strains and growth conditions. The wild-type strain used in this study is a T-2 toxin-producing strain, F. sporotrichioidles NRRL 3299. Strains MB2972, MB1716, and MB5493 are UV-induced mutants of NRRL 3299 blocked in their ability to synthesize T-2 toxin; the mutants were produced and isolated as described previously (3) . Strains were initially maintained on V-8 juice agar plates; conidial suspensions were prepared and cultured on YEPD-5G liquid medium as described previously (3). After 2 days, these cultures were used to inoculate rice in 2.8-liter Fernbach flasks (11 ml/333 g of rice). The inoculated rice was incubated for 7 days at 270C.
Extraction and isolation of compounds. modified trichothecenes, tricho-9-ene-2ao,3a, 1 ics-triol (compound 1), tricho-9-ene-2ot,3ao,8ot, 1 a-tetraol (compound 2a), tricho-9-ene-2o,3 x,8p,llot-tetraol (compound 2b), tricho-9-ene-2ca,3ca,11a, 16-tetraol (compound 3), and llahydroxytrichodiene (compound 4), isolated from mutant strains of F. sporotrichioides. sulfate in 3 N sulfuric acid, which gives brown spots on a white background; or (ii) 4-(p-nitrobenzyl)pyridine (NBP) and tetraethylenepentamine (TEPA), which gives a blue spot on a white background in compounds containing an epoxide moiety (12, 20 (19) . On rice, 15-deacetylcalonectrin (compound 7) accumulated (17 mg/kg of rice), in addition to 3,15-diacetoxyscirpenol (compound 12) (5 mg/kg of rice), isotrichodermal (compound 13) (3-hydroxytrichothecene; 18 mg/kg of rice), trichotriol (compound 16) (91 mg/kg of rice), and four new alicyclic compounds described below.
Compound 1 (Fig. 1) (1,800 mg/kg of rice) was present in both the 5 and 10% MeOH-CH2Cl2 washes of the MB2972 extract. The concentrated 5% MeOH-CH2Cl2 wash was applied to a silica gel 60 column (30 by 2.5 cm i.d.) and eluted with 5% MeOH-CH2Cl2. Both the 'H and 13C NMR spectra displayed a duplication of about one-half of the signals, which suggested that compound 2 was actually a 50:50 mixture of very similar compounds, 2a and 2b. (Fig. 1) . Separation was accomplished by high-pressure liquid chromatography with a 3:1 hexane-2-propanol solvent system.
The 'H NMR spectra of compounds 2a and 2b differed primarily in the shifts and coupling constants of the C-7 and C-8 protons. Examination of Dreiding models suggested that the small coupling constant observed between H-10 and H-11 requires a dihedral angle of close to 900 and locks the stereochemistry of the A-ring in place. In compound 2a, the C-8 proton appeared as a broadened doublet (J = 5.9 Hz), consistent with dihedral angles of 490 and 740 between the H-8 and the two C-7 protons, respectively (11, 13) . This provided evidence that the C-8 hydroxyl group was in the alpha position. In compound 2b, the C-8 proton signal appeared as a broadened double doublet which was better resolved upon decoupling from H-11. The coupling constants between H-8 and the C-7 proton were 9.3 and 5.9 Hz, resulting from dihedral angles of 1700 and 480, respectively, and supported compound 2b having an 8,B-hydroxyl group (11, 13) .
Another component, compound 3 (Fig. 1) Fig. 2 ) and tricho-9-ene-2ax,3co,11cx-triol (compound 1) were detected at 24 h and their concentrations peaked at 2 to 3 days.
Liquid cultures ofF. sporotrichioides MB5493 accumulate the hydrocarbon trichodiene (compound 17). On solid rice medium, the hydrocarbon accumulated to very high levels (10 g/kg of rice). An examination of extracts of MB5493 by TLC with NBP-TEPA spray indicated that no epoxides were present. Compound 4 ( Fig. 1) as in compound 1. The fragment ion at mn/z 95 in the spectra of both the underivatized compound and the TMS ether indicated a trichodiene B-ring. Compound 4 was therefore identified as lloL-hydroxytrichodiene.
DISCUSSION
Trichothecenes with hydroxylation at the C-11 position have not been previously isolated; however, Mohr et al. (17) and Apsimon et al. (1) have proposed a compound of this type (tricho-9-ene-2a,llot-diol) to be a precursor in the biosynthesis of the modified trichothecenes, sambucoins, and apotrichothecenes. Nucleophilic attack of the C-11 hydroxyl group at the C-13 of the epoxide leads to sambucoins; attack at C-12 leads to apotrichothecenes. The accumulation of these tricho-9-ene-11-hydroxy compounds by mutant strains of F. sporotriwihioides suggests that they also serve as precursors of trichothecenes. The 11-hydroxy compounds may isomerize to tricho-10-ene-9-hydroxy intermediates, which then cyclize to the trichothecenes. These new modified uncyclized trichothecenes are currently being tested for their role as intermediates in the biosynthetic pathway of T-2 toxin. APPENDIX Tricho-9-ene-2cx,3o,Ila-triol (compound 1). El mass spectrum (70 eV), mn/z (relative intensity): 268 (1), 250 (2) , 235 (4) , 137 (30), 109 
